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(54) Rotation detecting device and anti-skid braking system using the same

(57) To provide a rotation detecting device compact
in structure and operable on its own electric power gen-
erating function and capable of detecting the number of
revolution of a vehicle wheel even at an extremely low
speed rotation of the vehicle wheel, and also an anti-
skid braking system utilizing such rotation detecting de-
vice, the rotation detecting device includes an electric
power generator 4, at least one magnetic sensor 23 and
an electric power supply circuit 24. The electric power
generator 4 in turn includes a stator 17 and a rotor 18
in the form of a multi-pole magnet having a plurality of
opposite magnetic poles alternating in a direction cir-
cumferentially of the rotor 18. The magnetic sensor 23
is mounted on either the stator 17 or a support member
1 for supporting the stator 17 and is operable to detect
the magnetic poles on the rotor 18. The electric power
supply circuit 24 is a circuit in which the electric power
generated by the electric power generator 4 is utilized
as an electric power source of the magnetic sensor 23.
The stator 17 is has a wireless transmitting device 5A
mounted thereon for transmitting a detection signal from
the magnetic sensor 23. Even this wireless transmitting
device 5A utilizes the electric power generated by the
electric power generator 4 as an electric power source
therefor.
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Description

(Field of the Invention)

[0001] The present invention relates to a rotation de-
tecting device and an anti-skid braking system utilizing
such rotation detecting device.

(Description of the Prior Art)

[0002] It is well known that an electric generator is of-
ten used as a rotation detecting device used in an anti-
skid braking system for automotive vehicles. This type
of the electric generator generally includes a rotor
mounted on an inner race of a wheel support bearing
assembly, that is a rotatable member, and a stator
mounted on an outer race of the wheel support bearing
assembly that is a non-rotatable member, and is utilized
to detect the number of revolutions, i.e., the rotational
speed of the rotatable member in terms of the voltage
level of an electric voltage signal generated by the elec-
tric generator.
[0003] It has, however, been found that the system in
which the electric voltage signal generated by the elec-
tric generator is utilized to detect the rotational speed of
the vehicle wheel is incapable of detecting the rotational
speed of the vehicle wheel particularly at an extremely
low speed rotation of the vehicle wheel at which the ro-
tational speed of the vehicle wheel is barely zero and,
hence, the power output from the electric generator is
feeble or barely zero.

SUMMARY OF THE INVENTION

[0004] Accordingly, the present invention is intended
to provide an improved rotation detecting device which
is compact in structure and operates on its own electric
power generating capability and which can detect the
number of revolution of a vehicle wheel even at an ex-
tremely low speed, e.g., barely zero speed of rotation of
the vehicle wheel, and also an anti-skid braking system
utilizing such rotation detecting device
[0005] In order to accomplish the foregoing object, the
present invention in accordance with a first aspect there-
of provides a rotation detecting device which includes
an electric power generator including a stator and a rotor
having a plurality of opposite magnetic poles alternating
in a direction circumferentially of the rotor, and at least
a first magnetic sensor mounted on either the stator or
a support member for supporting the stator and opera-
ble to detect the alternating magnetic poles in the rotor.
An electric power supply circuit is provided for utilizing
an electric power generated by the electric power gen-
erator as an electric power source for the at least first
magnetic sensor. Where the stator is mounted on an
outer race of a bearing assembly, the support member
referred to above for supporting the stator may be the
outer race of such bearing assembly.

[0006] According to this aspect of the present inven-
tion, the number of revolutions, that is, the rotational
speed can be detected by the magnetic sensor that is
different from the electric power generator and the elec-
tric power generated by the electric power generator is
used as an electric power source for the magnetic sen-
sor. Accordingly, the rotational speed can advanta-
geously detected even at an extremely low speed rota-
tion at which so long as a voltage signal from the electric
power generator is utilized for detection of the rotational
speed, such rotational speed cannot be detected. Also,
since the rotor employed is in the form of a multi-pole
magnet, even a slight angle of rotation can be detected.
Since this rotor concurrently serves as a magnetic en-
coder for detection of the rotational speed and also as
a device for electric power generation, the rotation de-
tecting device can be assembled compact in structure
with a minimized number of component parts even
though the electric power generator and the magnetic
sensor are provided separately.
[0007] In the present invention, two magnetic sensors
may be employed in the rotation detecting device, and
the first and second magnetic sensors may be disposed
so as to align with respective positions displaced 90° in
phase of the cycle of alternating repetition of the oppo-
site magnetic poles in the rotor. In such case, the use of
the two magnetic sensors enables the rotation detecting
device to detect not only the rotational speed, but also
the direction of rotation based on the detection signals
outputted from those magnetic sensors.
[0008] The stator referred to above may be of a struc-
ture including a ring member made of a magnetic mate-
rial and a coil accommodated in the ring member. This
ring member has two sets of a plurality of claws provided
at a portion of the ring member that confronts the rotor.
The claws of the two sets extend in respective directions
opposite to each other so as to interleaved relative to
each other while alternating one after another in a direc-
tion circumferentially of the ring member, the neighbor-
ing claws being spaced in the circumferential direction
with a gap defined therebetween. With the generator
stator employing the ring member that is made of a mag-
netic material and accommodate the coil, the electric
power can be efficiently generated by the electric power
generator of a compact structure. Also, the efficiency of
the electric power generation can further be enhanced
where the claws of the two sets in the ring member are
arranged so as to alternate one after another in the cir-
cumferential direction of the ring member.
[0009] The ring member referred to above may pref-
erably have a sensor window defined in a portion the
circumference of the ring member for accommodating
the first magnetic sensor. This sensor window can be
defined by depleting some of the claws in the ring mem-
ber. This is particularly advantageous in that the mag-
netic sensor can find a place for disposition thereof
where it will not be magnetically affected by the ring
member made of the magnetic material, for facilitation
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of detection of the magnetic poles on the rotor.
[0010] Also, in one preferred embodiment, the rota-
tion detecting device may further include a transmitting
device for wireless transmitting a sensor output signal
from the magnetic sensor, in which case the electric
power supply circuit can utilize the electric power gen-
erated by the electric power generator also as an electric
power source for the transmitting device. In such design,
as an electric power source for the transmitting device,
no extra and separate electric power source is needed
and, therefore, the rotation detecting device can be
manufactured compact in size.
[0011] The electric power supply circuit referred to
above may preferably include an electric component
part selected from the group consisting of an electric
double layer capacitor, a secondary cell and a primary
cell. Any of the electric double layer capacitor, the sec-
ondary cell and the primary cell when used in the electric
power supply circuit forms an electric power accumula-
tor and, therefore, even when the rotor is halted for a
prolonged length of time, detection of the rotational
speed can be resumed assuredly and quickly.
[0012] One preferred embodiment of the present in-
vention may include a wireless switching device for se-
lectively switching on or off a supply of an electric power
from the electric power supply circuit. This wireless
switching device includes a tuning circuit for detecting
a radio wave of a particular frequency and a semicon-
ductor switching element interposed in the electric pow-
er supply circuit and capable of being selectively turned
on or off in response to a detection signal of the radio
wave detected by the tuning circuit. The wireless switch-
ing device in its entirety can be powered by an electric
power of the detection signal of the radio wave detected
by the tuning circuit. The use of the wireless switching
device for the electric power supply circuit makes it pos-
sible to interrupt the supply of the electric power from
the electric power supply circuit to the magnetic sensor
and the transmitting device in such a way that in the
event that rotation of the rotor is halted for a prolonged
length of time, transmission of a radio wave for switching
can be interrupted or can be done and that the semicon-
ductor switching element can be switched off. This is
particularly advantageous in that any undesirable waste
of the electric power can be suppressed and in that in
the event of restart of the rotation of the rotor, transmis-
sion of the radio wave for switching can be resumed to
switch the semiconductor switching element on to ena-
ble the rotation to be again detected. The wireless
switching device utilizes the detection signal of the radio
wave as an electric power source for electrically power-
ing such wireless switching device and, therefore, no ex-
tra and independent electric power source is needed,
resulting in no problem associated with an undesirable
waste of the electric power.
[0013] The present invention in accordance with a
second aspect thereof also provides a bearing assem-
bly equipped with a rotation detecting device, which in-

cludes a non-rotatable member, a rotatable member
and a plurality of rolling elements interposed between
the non-rotatable member and the rotatable member to
permit the latter to rotate relative to the former, and a
rotation detecting device of the structure as discussed
hereinabove. In this bearing assembly, the stator is
mounted fixedly on the non-rotatable member and the
rotor is mounted on the rotatable member for rotation
together therewith.
[0014] According to the second aspect of the present
invention, assuming that the rotatable member rotates,
the magnetic sensor detects change in polarity of the
rotor then rotating together with the rotor to thereby de-
tect the rotational speed of the rotatable member. Also,
the utilization of the electric double layer capacitor, the
secondary cell or the primary cell, in which the electric
power generated by the electric power generator is
charged or accumulated, as an electric power source
for magnetic sensor makes it possible for the rotational
speed to be detected even at an extremely low speed
rotation.
[0015] The present invention in accordance with a
third aspect thereof also provides a wheel support bear-
ing assembly for rotatably supporting a wheel relative to
a vehicle body structure, said wheel support bearing as-
sembly includes an outer member having a plurality of
outer raceways defined in an inner periphery thereof, an
inner member having a corresponding number of inner
raceways defined in an outer periphery thereof in align-
ment with the outer raceways, a plurality of rolling ele-
ments interposed between the outer and inner members
and rollingly accommodated in part within one of the out-
er raceways and in part within a mating one of the inner
raceways to permit one of the outer and inner members
to rotate relative to the other of the outer and inner mem-
bers. This wheel support bearing assembly makes use
of a rotation detecting device of the structure as dis-
cussed hereinabove in connection with the first aspects
of the present invention. Even in this wheel support
bearing assembly, the stator is mounted fixedly on one
of the outer and inner members and the rotor is mounted
on the other of the outer and inner members.
[0016] Considering that the wheel support bearing as-
sembly in general is used in a severe environment in
which it is exposed to, for example, a road surface, elec-
tric lines when wired in the wheel support bearing as-
sembly are susceptible to breakage. However, utiliza-
tion of the rotation detecting device of the present inven-
tion in the wheel support bearing assembly can elimi-
nate the use of such electric lines and, therefore, a high-
ly reliable control can be achieved with no line breakage
being accompanied. Also, the effect of detecting the ro-
tational speed while the rotation detecting device is elec-
trically powered by its self-generating capability can be
effectively utilized in an anti-skid braking system. In par-
ticular since the rotational speed can be detected even
at an extremely low speed rotation, a highly reliable con-
trol can also be achieved.
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[0017] Furthermore, the present invention in accord-
ance with a fourth aspect thereof provides an anti-skid
braking system for controlling a braking force to be ap-
plied to a wheel brake in dependence on a detection sig-
nal detected as indicative of the number of revolution of
a wheel. This anti-skid braking system includes a rota-
tion detecting device being of the structure discussed in
connection with the first aspect of the present invention.
This rotation detecting device is operable to output the
detection signal and includes a rotor fixedly mounted on
a rotatable member rotatable together with the wheel,
and a stator mounted fixedly on a wheel support mem-
ber for supporting the rotatable member. The anti-skid
braking system also includes a control circuit mounted
on the vehicle body structure for controlling the braking
force, and a communicating unit for wireless transmit-
ting the detection signal outputted from the rotation de-
tecting device, said unit including a transmitting device
and a receiving device, which are mounted on the wheel
support member and a vehicle body structure, respec-
tively.
[0018] According to the fourth aspect of the present
invention, the rotational speed can be detected even at
an extremely low speed rotation and a highly reliable
control can also be achieved. Also, since the rotation
detecting device used in the anti-skid braking system
has not only a capability of electric power generation,
but also a capability of wireless transmission, no electric
and signal lines need be employed between the wheel
support bearing assembly and the vehicle body struc-
ture and, therefore, a highly reliable control can advan-
tageously be accomplished with no line breakage.
[0019] In the anti-skid braking system of the structure
discussed above, the electric power supply circuit may
preferably be of a design that utilizes the electric power
generated by the electric power generator, as an electric
power source for the transmitting device. The utilization
of the electric power generated by the electric power
generator as an electric power source not only for the
magnetic sensor, but also for the transmitting device
substantially eliminates the need to use electric wiring
between the wheel support bearing assembly and the
vehicle body structure and, therefore, not only can the
reliability be secured, but the handling of the wheel sup-
port bearing assembly can also be facilitated.
[0020] In accordance with a fifth aspect of the present
invention, there is provided a rotation detecting device
which includes a rotation detector having a capability of
detecting the rotational speed and including an electric
power generator having a rotor and a stator, a transmit-
ting device for wireless transmitting a rotation signal in-
dicative of the rotational speed detected by the rotation
detector, an electric power supply circuit for utilizing an
electric power generated by the electric power genera-
tor for electrically powering the transmitting device, and
a wireless switching device for selectively switching on
or off supply of an electric power from the electric power
supply circuit. The wireless switching device referred to

above includes a tuning circuit for detecting a radio wave
of a particular frequency and a semiconductor switching
element interposed in the electric power supply circuit
and capable of being selectively turned on or off in re-
sponse to a detection signal of the radio wave detected
by the tuning circuit. This wireless switching device in
its entirety is electrically powered by an electric power
of the detection signal of the radio wave detected by the
tuning circuit.
[0021] According to the fifth aspect of the present in-
vention, during rotation of the rotor, the rotation detect-
ing device performs detection of the rotational speed
and the rotation signal outputted from the rotation de-
tecting device and indicative of the rotational speed so
detected is transmitted wireless by the transmitting de-
vice. Both of the transmitting device and the rotation de-
tecting device are electrically powered by the electric
power generated by the electric power generator. For
this reason, no external electric line for the supply of the
electric power and also for transmission of the signal is
needed.
[0022] When the rotor is halted for a prolonged length
of time, the electric power generator cease generation
of an electric power and the electric power accumulated
in an accumulating device included in the electric power
supply circuit is discharged to result in an eventual fail-
ure to supply an electric power to the transmitting device
and others. However, the wireless switching device in-
terposed in the electric power supply circuit is effective
to switch the electric power source off to thereby sup-
press the discharge of the electric power accumulated
in the accumulating device and, therefore, when the ro-
tation is resumed after the rotation had been halted for
the prolonged length of time, detection of the rotational
speed and wireless transmission of the detection signal
can be reinitiated. The wireless switching device makes
use of, as its electric power source, the electric power
of the detection signal of the radio wave obtained from
the tuning circuit and, therefore, it can be operated with
no electric power source without accompanying a prob-
lem associated with waste of the electric power.
[0023] The rotation detecting device of the structure
discussed above may preferably include a rectifier cir-
cuit for rectifying an output from the tuning circuit and a
surface acoustic wave filter interposed between the tun-
ing circuit and the rectifier circuit. Utilization of the sur-
face acoustic wave filter is effective to increase the se-
lectivity of the particular frequency and any malfunction
resulting from interference with an external radio waves
can be prevented advantageously.
[0024] The electric power supply circuit employed in
the rotation detecting device according to the fifth aspect
of the present invention may preferably include an elec-
tric component part selected from the group consisting
an electric double layer capacitor, a secondary cell and
a primary cell for compensating a reduction of the elec-
tric power generated by the electric power generator at
a low speed rotation of the rotor. Where the electric dou-
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ble layer capacitor is employed, the electric power is ac-
cumulated in a compact structure. Where the secondary
cell is employed, the amount of the electric power accu-
mulated therein can advantageously be increased. This
secondary cell can be charged with the electric power
generated by the electric power generator. Although the
primary cell cannot be charged, any possible unwanted
waste of the electric power can be suppressed by the
wireless switching device and, therefore, the use of the
primary cell will not pose any problem in that it can be
used for a prolonged length of time.
[0025] The rotation detector referred to above may be
of a type in which a voltage signal generated is utilized
to perform detection of the rotational speed and may
preferably include a sensor utilizing the electric power
generator as an electric power source therefor, to detect
the rotational speed. Where the voltage signal generat-
ed is utilized to perform detection of the rotational speed,
the structure can advantageously be simplified. On the
other hand, where the sensor is separately utilized in
the rotation detector, detection of the rotational speed
is possible even at such an extremely low speed rotation
as to render detection of the rotational speed to be im-
possible with the voltage signal generated by the electric
power generator. Even in such case, the electric power
generated by the electric power generator can be used
as an electric power source for the sensor and no extra
electric power source device is therefore needed.
[0026] In the rotation detecting device of the structure
according to the fifth aspect of the present invention, the
rotor and the stator of the electric power generator may
be mounted on a rotatable member and a non-rotatable
member of a wheel support bearing assembly and the
signal transmitted wireless by the wireless transmitting
device and indicative of the rotational speed is prefera-
bly used for controlling an automobile anti-skid braking
system.
[0027] In the case of the anti-skid braking system em-
ployed in an automobile, the rotation detecting device
generally tends to be installed in a severe environment
such as, for example, inside a wheel support bearing
assembly that is exposed to a road surface and, accord-
ingly, one or some of the electric lines if any are suscep-
tible to breakage when being collided with stones or
rocks. For this reason, the present invention makes use
of the wireless rotation detecting device having a self-
generating capability and a wireless transmitting capa-
bility and, accordingly, the need to use the electric lines
otherwise required can advantageously be eliminated
and, also, any undesirable waste of the electric power
which would otherwise result from self-discharge can
advantageously be suppressed. Accordingly, with the
rotation detecting device of the present invention, the
signal indicative of the rotational speed can be transmit-
ted wireless even after a prolonged length of time during
which rotation is halted.
[0028] In accordance with a sixth aspect of the
present invention, a wireless switching device is provid-

ed, which includes a tuning circuit for detecting a radio
wave of a particular frequency, and a semiconductor
switching element interposed in the electric power sup-
ply circuit and capable of being selectively turned on or
off in response to a detection signal of the radio wave
detected by the tuning circuit. This wireless switching
device in its entirety is electrically powered by an electric
power of a detection signal of the radio wave detected
by the tuning circuit.
[0029] With this wireless switching device, the semi-
conductor switching element can be selectively
switched on or off by means of a radio wave transmitted
from outside of the wireless switching device with no
need to use any dedicated electric power source and,
accordingly, the structure can advantageously be sim-
plified. Because of this, the wireless switching device
can effectively utilized in selectively switching on or off
an electric power source for, for example, a wireless
transmitting device provided with an electric power gen-
erator.
[0030] The present invention in accordance with a
seventh aspect thereof provides a wheel support bear-
ing assembly for rotatably supporting a wheel relative to
a vehicle body structure, which bearing assembly in-
cludes an outer member having a plurality of outer race-
ways defined in an inner periphery thereof, an inner
member having a corresponding number of inner race-
ways defined in an outer periphery thereof in alignment
with the outer raceways, a plurality of rolling elements
interposed between the outer and inner members and
rollingly accommodated in part within one of the outer
raceways and in part within a mating one of the inner
raceways to permit one of the outer and inner members
to rotate relative to the other of the outer and inner mem-
bers. The wheel support bearing assembly also includes
a wireless rotation detecting device of the structure dis-
cussed in connection with the fifth aspect of the present
invention. Specifically, the wireless rotation detecting
device is of the structure in which the stator is mounted
fixedly on one of the outer and inner members and the
rotor is mounted on the other of the outer and inner
members.
[0031] According to this aspect of the present inven-
tion, the wheel support bearing assembly can have a
capability of detecting the rotational speed and can con-
tribute to reduction in weight and manufacturing cost of
the automobile with no risk of the otherwise employed
electric lines.
[0032] The present invention in accordance with an
eighth aspect thereof provides an anti-skid braking sys-
tem for controlling a braking force to be applied to a
wheel brake in dependence on a detection signal de-
tected as indicative of the number of revolution of a
wheel, which system includes a rotation detecting de-
vice including a rotor mounted fixedly on a rotatable
member rotatable together with the wheel, and a stator
mounted fixedly on a wheel support member for sup-
porting the rotatable member, and a control circuit
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mounted on the vehicle body structure for controlling the
braking force. The rotation detecting device referred to
above is of the structure discussed in connection with
the fifth aspect of the present invention and includes the
transmitting device and a receiving device to receive the
rotation signal from the transmitting device, which are
mounted on the wheel support member and a vehicle
body structure, respectively.
[0033] According to this aspect of the present inven-
tion, the use of any electric lines otherwise required to
connect between the wheel support member and the ve-
hicle body for transmission of the sensor signal can ad-
vantageously be dispensed with and, hence, no other-
wise complicated wiring work is required, resulting in re-
duction in weight and manufacturing cost of the auto-
mobile. Also, since the electric power supply circuit can
be controlled, i.e., selectively switched on or off by
means of the wireless switching device, while the rota-
tion detecting device can be electrically powered with
the electric power generated as a result of rotation of
the vehicle wheel, any undesirable waste of the electric
power can advantageously be suppressed and, also,
even at the time of acceleration of the automobile sub-
sequent to the prolonged length of time during which the
rotation has been halted, information on initial rotation
can be obtained to allow a control at the initial stage of
acceleration to be accomplished.
[0034] In the anti-skid braking system according to the
eights aspect of the present invention, a continuously
halted status detector may be mounted on a mechanism
that differs depending on whether an automobile is in a
continuously halted status or in a running status, in com-
bination with a switch-off signal transmitting device op-
erable in response to a detection output signal from the
continuously halted status detector for transmitting a
wireless signal capable of being detected by the tuning
circuit of the wireless switching device.
[0035] The provision of the switch-off signal transmit-
ting device that can be activated in response to the de-
tection output signal from the continuously halted status
detector is effective in that in the event of a continued
halted condition the supply of the electric power from
the electric power supply circuit in the rotation detecting
device can be switched off without requiring any human
intervention, to thereby suppress any undesirable waste
of the electric power. The switch-off signal may be a sig-
nal in which continuous output of a transmitted signal is
rendered to be off. In other words, for example, the
switch-off signal transmitting device can continue trans-
mission of a signal required to switch the wireless
switching device on, during the absence of the detection
signal from the continuously halted status detector, but
to switch off such signal required to switch the wireless
switching device on, during the presence of the detec-
tion signal from the continuously halted status detector.
[0036] The continuously halted status detector re-
ferred to above may be of a type capable of detecting
at least one of continuously halted statuses of the auto-

mobile including a condition in which a parking brake is
held in a locked position, a condition in which an engine
is inactivated, a condition in which an ignition key is re-
moved from an ignition switch, a condition in which a
transmission is set to a parking position.
[0037] Any of the conditions in which a parking brake
is held in a locked position, in which an engine is inac-
tivated, in which an ignition key is removed from an ig-
nition switch and in which a transmission is set to a park-
ing position, is generally accompanied by a stop that last
for a prolonged length of time longer than a predeter-
mined value. Also, in modern automobiles now availa-
ble, a detecting device for detecting any of those condi-
tions is employed for synthesization of signals for indi-
cation to a driver. Accordingly, utilization of this detecting
device for detecting any of those conditions as a device
for activating the continuously halted status detector is
effective to control, i.e., selectively switch on or off the
wireless switching device by detection of at least one of
the continuously halted statuses of the automobile ad-
vantageously with no need to any extra, dedicated sen-
sor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] In any event, the present invention will become
more clearly understood from the following description
of preferred embodiments thereof, when taken in con-
junction with the accompanying drawings. However, the
embodiments and the drawings are given only for the
purpose of illustration and explanation, and are not to
be taken as limiting the scope of the present invention
in any way whatsoever, which scope is to be determined
by the appended claims. In the accompanying drawings,
like reference numerals are used to denote like parts
throughout the several views, and:

Fig. 1 is a longitudinal sectional view of a wheel sup-
port bearing assembly incorporating a rotation de-
tecting device, which is shown in combination with
an anti-skid braking system according to a first pre-
ferred embodiment of the present invention;
Fig. 2 is a longitudinal sectional view, on an en-
larged scale, of the wheel support bearing assem-
bly of Fig. 1, shown together with an electric power
generator and a wireless communicating unit;
Fig. 3A is a fragmentary longitudinal sectional view,
on an enlarged scale, showing the details of a por-
tion of the electric power generator where a mag-
netic sensor is disposed;
Fig. 3B is a view similar to Fig. 3A, on an enlarged
scale, showing the details of another portion of the
electric power generator where no magnetic sensor
is disposed;
Figs. 4A and 4B are longitudinal sectional and front
elevational views, respectively, showing a stator of
the electric power generator;
Fig. 4C is an exploded view of the stator of the elec-
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tric power generator shown in Figs. 4A and 4B;
Fig. 5A is a fragmentary view, on an enlarged scale,
of the electric power generator as viewed from a di-
rection conforming to an axial direction of such gen-
erator;
Fig. 5B is a fragmentary view, on an enlarged scale,
of the electric power generator of Fig. 5A as viewed
in a direction radially outwardly of the stator of the
electric power generator;
Fig. 6A is a fragmentary view, on an enlarged scale,
of a different example of the electric power gener-
ator as viewed from the axial direction of such gen-
erator, showing two magnetic sensors mounted on
the stator;
Fig. 6B is a fragmentary view, on an enlarged scale,
of the different electric power generator of Fig. 6A
as viewed in a direction radially outwardly of the sta-
tor of the electric power generator;
Fig. 7 is a block diagram showing a wireless com-
municating unit employed in the electric power gen-
erator;
Fig. 8 is a circuit diagram showing an example of
an electric power supply circuit employed in an ex-
ternal circuit of the stator of the electric power gen-
erator;
Fig. 9 is a circuit diagram showing a different exam-
ple of the electric power supply circuit;
Fig. 10 is a circuit diagram showing a further exam-
ple of the electric power supply circuit;
Fig. 11 is a circuit diagram showing a still further
example of the electric power supply circuit;
Fig. 12 is a circuit diagram showing an example of
a boosting circuit employed in the electric power
supply circuit;
Fig. 13 is a circuit diagram showing a yet different
example of the electric power supply circuit;
Fig. 14 is a circuit diagram showing a still yet exam-
ple of the electric power supply circuit;
Fig. 15 is a circuit diagram showing a still different
example of the electric power supply circuit;
Fig. 16A is a fragmentary longitudinal sectional view
showing the details of a portion of the electric power
generator where no magnetic sensor is disposed,
in accordance with a second preferred embodiment
of the present invention;
Fig. 16B is a view similar to Fig. 16A showing the
details of another portion of the electric power gen-
erator where a magnetic sensor is disposed, in ac-
cordance with the second preferred embodiment of
the present invention;
Fig. 17 is a fragmentary view of the electric power
generator of Figs. 16A and 16B as viewed from the
direction conforming to the axial direction of such
generator;
Fig. 18 is a fragmentary view of the electric power
generator where two magnetic sensors are dis-
posed on the stator, as viewed from the direction
conforming to the axial direction of such generator;

Fig. 19 is a longitudinal sectional view of the wheel
support bearing assembly according to a third pre-
ferred embodiment of the present invention;
Fig. 20A is a fragmentary longitudinal sectional view
showing the details of a portion of the electric power
generator where a magnetic sensor is disposed, in
accordance with a fourth preferred embodiment of
the present invention;
Fig. 20B is a view similar to Fig. 20A showing the
details of another portion of the electric power gen-
erator where no magnetic sensor is disposed, in ac-
cordance with the fourth preferred embodiment of
the present invention;
Fig. 21A is a fragmentary longitudinal sectional view
showing the details of a portion of the electric power
generator where a magnetic sensor is disposed, in
accordance with a fifth preferred embodiment of the
present invention;
Fig. 21B is a view similar to Fig. 21A showing the
details of another portion of the electric power gen-
erator where no magnetic sensor is disposed, in ac-
cordance with the fifth preferred embodiment of the
present invention;
Fig. 22 is a view of the stator employed in the elec-
tric power generator shown in Figs. 21A and 21B,
as viewed from the direction conforming to the axial
direction of such generator;
Fig. 23 is a view of the rotor employed in the electric
power generator shown in Figs. 21A and 21B, as
viewed from the direction conforming to the axial di-
rection of such generator;
Fig. 24A is a fragmentary view, on an enlarged
scale, showing the stator of the electric power gen-
erator of Figs. 21A and 21B as viewed from the di-
rection conforming to the axial direction of such
generator;
Fig. 24B is a fragmentary view, on an enlarged
scale, showing the rotor of the electric power gen-
erator of Figs. 21A and 21B as viewed from the di-
rection conforming to the axial direction of such
generator;
Fig. 25A is a fragmentary view, on an enlarged
scale, showing the stator of an example of the elec-
tric power generator in which two magnetic sensors
are disposed on the stator, as viewed from the di-
rection conforming to the axial direction of such
generator; and
Fig. 25B is a fragmentary view, on an enlarged
scale, showing the rotor of the electric power gen-
erator of Fig. 25A as viewed from the direction con-
forming to the axial direction of such generator.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0039] Hereinafter, preferred embodiments of the
present invention will be described with reference to the
accompanying drawings. Fig. 1 illustrates a conception
of the structure of an anti-skid braking system utilizing
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a rotation detecting device according to a first preferred
embodiment of the present invention. The anti-skid
braking system shown therein is of a design operable to
detect the rotational speed of a vehicle wheel 31 to pro-
vide a detection signal which is subsequently utilized to
control a braking force applied by an vehicle brake 32.
The vehicle wheel 31 is rotatably supported by a vehicle
body structure 34, for example, a chassis through a
wheel support bearing assembly 33. This wheel support
bearing assembly 33 includes an outer member 1 serv-
ing as a non-rotatable member, an inner member 2 serv-
ing as a rotatable member, and a plurality of, for exam-
ple, two, circular rows of rolling elements 3 rollingly in-
terposed between the outer and inner members 1 and
2 to permit the inner member 2 to rotate relative to the
outer member 1. The outer member 1 is rigidly coupled
through a knuckle 35 to a suspension (not shown) that
extends downwardly from the vehicle body structure 34.
The outer member 1 and the knuckle 35 altogether de-
fines a wheel support member for supporting the inner
member 2 serving as the rotatable member. The inner
member 2 may be of a generally cylindrical configuration
having one end formed with a wheel mounting flange 2a
protruding radially outwardly therefrom, and the vehicle
wheel 31 is secured to this wheel mounting flange 2a
for rotation together therewith. The vehicle wheel 31 so
far shown therein is a steering wheel. The inner member
2 of the wheel support bearing assembly 33 has the op-
posite end coupled with an axle (not shown) through a
constant velocity joint 15 for rotation together therewith.
[0040] The inner member 2 has a generator rotor 18
fixedly mounted thereon, and the outer member 1 has
a generator stator 17 rigidly mounted thereon in align-
ment with the rotor 18 on the inner member 2. The rotor
18 and the stator 17 form respective parts of an electric
power generator 4. The rotor 18 is in the form of an an-
nular multi-pole magnet having a plurality of opposite
magnetic poles N and S alternating in a direction circum-
ferentially thereof. The stator 17 carried a magnetic sen-
sor 23 (See Fig. 3) for detecting cyclic passage of the
alternating magnetic poles N and S of the rotor 18 during
rotation of the rotor 18 together with the inner member
2, and an electric power supply circuit 24 (See Fig. 7)
that utilizes an electric power generated by the electric
power generator 4 as an electric power source for the
magnetic sensor 23. A detection signal generated by the
magnetic sensor 23 indicative of the cycle of passage
of the alternating magnetic poles N and S past the mag-
netic sensor 23 is transmitted wireless to a control circuit
36 by a wireless communicating unit 5. The control cir-
cuit 36 referred to previously is a device for controlling
a braking force to be applied to the vehicle brake 32.
The wireless communicating unit 5 includes a transmit-
ting device 5A mounted fixedly on the outer member 1,
and a receiving device 5B fixedly mounted on the vehi-
cle body structure 34. The receiving device 5B may be
disposed inside, for example, a tire housing 34a rigid
with the vehicle body structure 34.

[0041] The vehicle brake 32 is of a design including a
friction member (not shown) such as, for example, a
brake drum or disc fixedly mounted on the vehicle wheel
31 and a brake pad (not shown) engageable frictionally
with the friction member to apply the braking force to the
vehicle wheel 31, and includes a hydraulic cylinder to
actuating the brake pad. This vehicle brake 32 is con-
trolled by a brake operating member 37 such as a foot
pedal 37 linked with a pressure converter 38 for convert-
ing a pedaled depression of the brake operating mem-
ber 37 into a fluid pressure, either hydraulic or pneumat-
ic, that is subsequently applied to the vehicle brake 32
in a manner well known to those skilled in the art.
[0042] The braking force adjusting device 39 referred
to above serves as a device for adjusting the braking
force to be applied to the vehicle brake 32 in response
to an adjusting command that is applied from the control
circuit 36. This braking force adjusting device 39 is dis-
posed on a hydraulic circuit extending between the ve-
hicle brake 32 and the pressure converter 38.
[0043] The control circuit 36 serves as a device for
applying the adjustment command to the braking force
adjusting device 36 for adjusting the braking force to be
applied to the vehicle wheel 31 in dependence on the
rotational speed of the vehicle wheel 31 detected by the
magnetic sensor 23. This control circuit 36 is construct-
ed of an electronic circuit utilizing, for example, a micro-
computer or the like.
[0044] The details of the various component parts will
now be described. As shown in Fig. 2, the wheel support
bearing assembly 33 is of a design in which the circular
rows of the rolling elements 3 are rollingly interposed
between the outer and inner members 1 and 2 that are
positioned radially outwardly and inwardly, respectively,
relative to each other so as to define an annular space
therebetween. The electric generator 4 is accommodat-
ed within the annular space at one end thereof adjacent
the constant velocity joint 15.
[0045] The outer member 1 has an inner peripheral
surface formed with circumferentially extending outer
raceways 6 and 7 axially spaced apart from each other
and, correspondingly, the inner member 2 has an outer
peripheral surface formed with similarly circumferential-
ly extending inner raceways 8 and 9 positioned in align-
ment with the outer raceways 6 and 7, respectively. The
respective circular rows of the rolling elements 3 are
seated in part within the outer raceways 6 and 7 and in
part within the inner raceways 8 and 9. The wheel sup-
port bearing assembly 33 of the structure so far shown
is a double-row angular contact ball bearing, wherein
the raceways 6 to 9 have their respective contact angles
so defined as to achieve a back-to-back alignment. The
rolling elements 3 of each circular row are rollingly re-
tained by a respective retainer or cage. Opposite open
ends of the annular space delimited between the outer
and inner members 1 and 2 are tightly sealed by respec-
tive sealing members 11.
[0046] The outer member 1 has one end formed with
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a radially outwardly extending vehicle body fitting flange
1a to which the wheel suspension (not shown) rigid with
the vehicle body structure 34 is coupled through the
knuckle 35. It is to be noted that the outer member 1 is
of one-piece structure including the vehicle body fitting
flange 1a. On the other hand, the inner member 2 has
a wheel mounting flange 2a protruding radially outward-
ly therefrom, to which mounting flange 2a is bolted the
wheel 31 by means of a plurality of bolts 14.
[0047] The inner member 2 includes a hub wheel 2A
formed integrally with the wheel mounting flange 2a and
another inner race forming member 2B combined with
the hub wheel 2A to define the inner member 2. The
inner raceways 8 and 9 are formed on the hub wheel 2A
and the inner race forming member 2B, respectively.
The inner race forming member 2B is in the form of a
generally hollow cylinder having a bore defined therein,
and an axle 16 integral with a generally cup-shaped out-
er race 15a of the constant velocity joint 15 is inserted
into the bore of the inner member 2 for rotation together
therewith.
[0048] Figs. 4A to 4C illustrates the stator 17 of the
electric power generator 4. As shown therein, the stator
17 is of a design in which a plurality of magnetic poles
made up of claws 21a and 21b of a pole shape are ar-
ranged alternately and constitutes a part of a claw pole
type electric power generator 4.
[0049] More specifically, the stator 17 includes a gen-
erally tubular ring member 19 made of a magnetic ma-
terial and a coil 20 accommodated within the ring mem-
ber 19. The ring member 19 has a generally box-like
sectional shape and is made up of first and second ring
forming segments 19A and 19B. Each of the first and
second ring forming segments 19A and 19B includes an
annular end wall 19a or 19b and a radially outer wall
19ca or 19cb formed integrally with a radially outer edge
of the corresponding ring forming segment 19A or 19B
so as to extend axially at right angles to the latter. So
far shown, the second ring forming segment 19B is
slightly undersized relative to the first ring forming seg-
ment 19A so that the first ring forming segment 19A can
be capped onto the second ring forming segment 19B
to thereby complete the generally tubular ring member
19. It is to be noted that mounting of the first ring forming
segment 19A onto the second ring forming segment 19B
should be so tight that the resultant ring member 19
eventually forming a yoke can have an internal magnetic
circuit of a minimized magnetic resistance, with the ra-
dially outer walls 19ca and 19cb of the first and second
ring forming segments 19A and 19B held in tight contact
with each other to define an outer peripheral wall 19c of
the ring member 19. An inner peripheral wall of the ring
member 19 opposed to the outer peripheral wall 19c of
the ring member 19 is defined by a plurality of pawls 21a
integral with the first ring forming segment 19A and a
corresponding number of pawls 21b integral with the
second ring forming segment 19B, which pawls 21a and
21b are interleaved together when the first and second

ring forming members 19A and 19B are mated together
to define the ring member 19.
[0050] The pawls 21a integral with the first ring form-
ing segment 19A are in a generally comb-shaped ar-
rangement and are formed by axially inwardly bending
radially outwardly tapering prongs integral with a radially
inner edge of the annular end wall 19a so as to extend
substantially parallel to the radially outer wall 19ca to
thereby complete the respective pawls 21a. Similarly,
the pawls 21b integral with the second ring forming seg-
ment 19B are in a generally comb-shaped arrangement
and are formed by axially inwardly bending radially out-
wardly tapering prongs integral with a radially inner edge
of the annular end wall 19b so as to extend substantially
parallel to the radially outer wall 19cb to thereby com-
plete the respective pawls 21b. Each of the pawls 21a
and 21b is of a shape having a width progressively de-
creasing in a direction away from the corresponding an-
nular end wall 19a or 19b. In an assembled condition in
which the first and second ring forming segments 19A
and 19B are mated together as best shown in Fig. 4A,
the pawls 21a of the first ring forming segment 19A and
the pawls 21b of the second ring forming segment 19B
are interleaved with each other with the neighboring
pawls 21a and 21b spaced a predetermined distance
from each other in a direction circumferentially of the
resultant ring member 19. As such, the first ring forming
segment 19A has generally V-shaped cutouts 22a each
defined between the neighboring pawls 21a and, simi-
larly, the second ring forming segment 19B has gener-
ally V-shaped cutouts 22b each defined between the
neighboring pawls 21b and, accordingly, in the assem-
bled condition of the ring member 19, respective tips of
the pawls 21a are positioned adjacent corresponding
bottoms of the cutouts 22b in the second ring forming
segment 19B and respective tips of the pawls 21b are
positioned adjacent corresponding bottoms of the cut-
outs 22a in the first ring forming segment 19A.
[0051] This ring member 19 of the structure described
above can be prepared from a metal plate of a magnetic
material such as, for example, stainless plate or silicon
steel plate by the use of a press work.
[0052] Figs. 3A and 3B illustrates the manner in which
the electric power generator 4 is installed. Specifically,
Fig. 3A illustrates, in a fragmentary longitudinal section-
al view, a portion of the wheel support bearing assembly
33 where the magnetic sensor 23 is disposed whereas
Fig. 3B illustrates, in a similar view, a different portion of
the wheel support bearing assembly 33 than that portion
where the magnetic sensor 23 is disposed. The stator
17 of the structure described previously in detail is fix-
edly mounted on the outer member 1 through a ring-
shaped support member 25. In other words, the stator
17 is inserted, preferably press-fitted inside the ring-
shaped support member 25 which is in turn fixedly
mounted on, e.g., tightly capped onto the outer member
1. In this condition, the stator 17 has its one end held in
abutment with an annular free end face of the outer
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member 1 and is hence positioned immovable axially.
An O-ring 26 is interposed between the annular free end
face of the outer member 1 and one end face of the sta-
tor 17 and is, when the stator 17 is held in abutment with
the outer member 1 in the manner described above,
compressed axially inwardly to expand radially outward-
ly, thereby providing a tight seal by which no external
fluid medium will not enter from outside. It is to be noted
that, in place of the O-ring 26, an elastic member may
be provided on an inner periphery of the ring-shaped
support member 25 and/or an outer periphery of the sta-
tor 17.
[0053] The rotor 18 is fixedly mounted on an outer pe-
riphery of the inner member 2. The stator 17 and the
rotor 18 are so positioned relative to each other that the
pawls 21a and 21b can confront an annular magnetized
surface 18a of the rotor 18. The ring member 19 com-
prised of the first and second ring-forming segments
19A and 19B and serving as the yoke of the stator 17
has an elastic member 27 such as, for example, an elas-
tic bonding material disposed or otherwise filled therein
to provide an electric insulation and a relative damping
effect between the ring member 19 and the coil 20 ac-
commodated within the stator 17.
[0054] The magnetic sensor 23 referred to previously
is disposed within the stator 17 and at a location radially
inwardly of the coil 20 inside the ring member 19. This
magnetic sensor 23 has a sensing surface 23a (as best
shown in Fig. 5A) that cooperates with the magnetized
surface 18a of the rotor 18. In order to allow the sensing
surface 23a of the magnetic sensor 13 to be exposed
bare to the magnetized surface 18a of the rotor 18, some
of the alternating pawls 21a and 21b of the ring member
19 in the stator 17 are depleted to define a sensing win-
dow in the stator 17. Fig. 5A illustrates this sensing win-
dow in the stator 17 as viewed from a direction conform-
ing to the axial direction of the wheel support bearing
assembly 33, whereas Fig. 5B illustrates the sensing
window as viewed from the radially outward direction.
As clearly shown in Figs. 5A and 5B, in order to allow
the sensing surface 23a of the magnetic sensor 23 to
be exposed bare to the magnetized surface 18a of the
rotor 18, some of the alternating pawls 21a and 21b, for
example, one of the pawls 21a and one of the pawls 21b
next to such one of the pawls 21a, are depleted to define
the sensing window.
[0055] Lead wires extending respectively from the
magnetic sensor 23 and the coil 20 are soldered to an
electric circuit substrate 28 disposed inside the stator
17 and are electrically connected with a detecting and
transmitting circuit 30, as will be described later, through
terminal pins 29 rigid on the electric circuit substrate 28.
In order to avoid an electric contact failure at soldered
connections 28a and 28b on a surface of the electric
circuit substrate 28 which would otherwise occur under
the influence of vibrations and/or shocks, that surface
of the electric circuit substrate 28 is covered by a mold-
ing 40 of a resin material or the like. The terminal pins

29 are in turn soldered to, or otherwise connected
through a connector with the detecting and transmitting
circuit 30.
[0056] The detecting and transmitting circuit 30 is fix-
edly mounted on an outer periphery of a generally L-
sectioned flange 25a that is integrally formed with an
axially free end of the ring-shaped support member 25
mounted on the outer periphery of the outer member 1
and a portion of the detecting and transmitting circuit 30
adjacent that outer periphery of the L-sectioned flange
25a is covered by a molding 41 of a resin material or the
like. A pin insert hole 42 defined so as to extend there-
through from the ring member 19 to the flange 25a of
the ring-shaped support member 25 is sealed by a mold-
ing of a resin material or the like or, alternatively or in
addition thereto, sealed by an elastic material wound
around the terminal pins 29.
[0057] The detecting and transmitting circuit 30 in-
cludes, as best shown in Fig. 7, an electric power supply
circuit 24 which utilizes an electric power generated by
the electric power generator 4 as an electric power
source for the magnetic sensor 23, and a transmitting
device 5A for transmitting wireless a detection signal
outputted from the magnetic sensor 23. The transmitting
device 5a in turn includes an oscillating and modulating
circuit 44 and a transmission antenna 45. The receiving
device 5B of the wireless communicating unit 5 includes
a receiver antenna 46 and a tuning and demodulating
circuit 47 for tuning and demodulating the detection sig-
nal, received by the receiver antenna 46. It is to be noted
that the use of the magnetic sensor 23 can be dispensed
with if the detecting and transmitting circuit 30 is of a
design capable of transmitting an electric voltage, gen-
erated by the electric power generator 4, as a detection
signal indicative of the rotational speed of the vehicle
wheel.
[0058] Fig. 8 illustrates the details of the electric pow-
er supply circuit 24. As shown therein, a voltage signal
inputted to the electric power supply circuit 24 from the
electric power generator 4 is rectified and smoothed by
a rectifier bridge circuit 48 and a smoothing capacitor
49, respectively and is then outputted from an electric
power output terminal VCC through a diode 50. The
electric power supply circuit 24 includes an electric dou-
ble layer capacitor 51 connected in a stage following the
diode 50 and between the electric power output terminal
VCC on a plus side and a ground terminal GDN. This
electric double layer capacitor 51 may be, for example,
a capacitor having a capacitance of 0.1F and serves as
an accumulator device for accumulating an electric pow-
er generated by the electric power generator 4. A par-
allel circuit 52 comprised of a diode and a resistance is
connected between a plus side of the electric double lay-
er capacitor 51 and the electric power output terminal
VCC. It is, however, to be noted that in place of the par-
allel circuit 52 of the diode and the resistor, a Zener di-
ode may be connected parallel to the electric double lay-
er capacitor 51. It is also to be noted that although so
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far shown in Fig. 8, the electric double layer capacitor
51 has been shown and employed for charging, the
electric double layer capacitor 51 may be substituted by
a secondary cell 53 as shown in Fig. 9 or a primary cell
54 as shown in Fig. 10.
[0059] Fig. 11 illustrates a circuit diagram showing the
electric power supply circuit 24 of the design described
hereinabove in combination with a switch-off signal
transmitting device for transmitting a wireless signal to
a wireless switching circuit 55 employed in the electric
power supply circuit 24. A major portion of the electric
power supply circuit 24 shown in Fig. 11 is substantially
similar to that shown and described with reference to
Fig. 8. It is, however, to be noted that although in the
circuit shown in Fig. 11 the electric double layer capac-
itor 51 is shown as employed for charging, a secondary
cell 53 may be employed in place thereof as shown in
Fig. 13. The use of the secondary cell 53 in place of the
electric double layer capacitor 51 is effective to minimize
a voltage drop resulting from self-discharge to thereby
allow the electric power to be sustained for a long period
of time. Also, as shown in Fig. 14, in place of the electric
double layer capacitor 51, a primary cell 54 may be em-
ployed, in which case no circuit wiring for charging can
advantageously be dispensed with.
[0060] The wireless switching circuit 55 is connected
between a plus side of the parallel circuit 52 and the
electric power output terminal VCC and is operable to
selectively initiate or interrupt the supply of the electric
power of the electric power supply circuit 24. This wire-
less switching circuit 55 includes a semiconductor
switching element 56 in the form of, for example, a field
effect transistor, a receiver antenna 57, a tuning circuit
58 for detecting a radio wave of a particular frequency
received by the antenna 57, and a control circuit 59 op-
erable in response to the signal detected by the tuning
circuit 58 to selectively switch the semiconductor switch-
ing element 56 on or off. The tuning circuit 58 is made
up of a parallel circuit including a coil and a capacitor.
The control circuit 59 in turn includes a rectifier circuit
60 and a capacitor 61.
[0061] Referring to Fig. 11, there is shown a continu-
ously halted status detector 65 provided in a predeter-
mined mechanism 66 mounted in an automobile. The
predetermined mechanism 66 referred to previously is
a mechanism that differs depending on whether the au-
tomobile is in a continuously halted status or in a running
status. The continuously halted status detector 65 is op-
erable to detect at least one of continuously halted sta-
tuses of the automobile, which statuses may include a
condition in which a parking brake is held in a locked
position, a condition in which an engine is inactivated,
a condition in which an ignition key is removed from an
ignition switch, a condition in which a transmission is set
to a parking position. A switch-off signal transmitting de-
vice 67 includes a transmitting antenna 68 and operates
in response to the output status signal from the contin-
uously halted status detector 65 to transmit a wireless

signal capable of being detected by the tuning circuit 58
of the wireless switching circuit 55. This switch-off signal
transmitting device 67 is disposed at a location adjacent
the detecting and transmitting circuit 30 mounted on the
vehicle body structure 34 (Fig. 1).
[0062] With the wireless switching device shown in
Fig. 11, when the continuously halted status detector 65
detects one of the continuously halted statuses of the
automobile and the switch-off signal transmitting device
67 subsequently operates in response to the output sta-
tus signal from the continuously halted status detector
65 to transmit a radio wave of a particular frequency, the
tuning circuit 58 receiving such radio wave utilizes an
electric power of the detection signal of the radio wave
as an electric source with which the semiconductor
switching element 56 is turned off to thereby interrupt
the supply of the electric power from the electric power
supply circuit 24 to the transmitting device 5A. Specifi-
cally, the switch-off signal is in the form of a signal in
which an output of a continuously transmitted signal is
turned off. In other words, during the absence of the out-
put status signal (detection signal) from the continuously
halted status detector 65, the switch-off signal transmit-
ting device 67 continuously transmits an ON signal nec-
essary to turn the semiconductor switching element 56
on, but in the presence of the output status signal from
the continuously halted status detector 65, it transmits
an OFF signal necessary to turn the semiconductor
switching element 56 off.
[0063] Since the wireless switching device discussed
above is of the design that utilizes the electric power of
the detection signal of the radio wave detected by the
tuning circuit 58 as an electric power source for turning
the semiconductor switching element 56 on or off selec-
tively, it need not be electrically powered by either the
electric power generator 4 or the electric double layer
capacitor 51. Also, since the radio wave transmitted
from the switch-off signal transmitting device 67 is se-
lected by the tuning circuit 58, the semiconductor
switching element 56 can be selectively switched on or
off by the intensity of the radio wave of a particular fre-
quency matched with the tuning frequency.
[0064] The operation of the wireless switching device
will now be described. Referring to Fig. 1, the signal in-
dicative of the rotational speed of the inner member 2
relative to the outer member 1 and, hence, the vehicle
wheel can be obtained, not from the voltage signal gen-
erated by the electric power generator 4, but from an
output signal of the magnetic sensor 23 built in the stator
17. Specifically, the magnetic sensor detects the fre-
quency of change of the alternating magnetic poles in
the rotor 18 of the electric power generator 4 which then
serves as a magnetic encoder and provides the signal
indicative of the rotational speed of the vehicle wheel in
terms of the frequency of change of the alternating mag-
netic poles. The electric power generated by the electric
power generator 4 is used as an electric power for the
magnetic sensor 13 and the transmitting device 5A.
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Since the electric power generated by the electric power
generator 4 is accumulated in the accumulating device
(i.e., the electric double layer capacitor 51 or the sec-
ondary cell 53) of the electric power supply circuit 24
and the magnetic sensor 23 and the transmitting device
5A can therefore be electrically powered by the accu-
mulating device or the primary cell 54 in the event that
the electric power generated by the electric power gen-
erator 4 is insufficient, the rotational speed of the inner
member 2 and, hence, the vehicle wheel can be detect-
ed satisfactorily even at an extremely low speed rota-
tion.
[0065] More specifically, although the claw-pole type
electric power generator 4 of the structure hereinbefore
described can be manufactured compact in size having
the multi-pole feature, it may be thought that since the
electric power generated thereby at a low speed rotation
of the vehicle wheel is low, the electric power generator
4 cannot be utilized as an electric power source. How-
ever, in the illustrated embodiment of the present inven-
tion, the voltage accumulating circuit including the elec-
tric double layer capacitor 51 or the secondary cell 53
is employed in the electric power supply circuit 24 and,
accordingly, the electric power generated by the electric
power generator 4 during a run of the automobile can
be charged in the matter of a few seconds. It is generally
considered that the elapsed time till a braking action
would take about 0.8 second, the free running time (in
the braking action) would take about 0.8 second and the
braking time (actually effective braking time in the brak-
ing action) would take about 0.2 second (assuming that
the initial speed of the automobile at the time of braking
is 5 km per hour and the braking distance would take 5
meters). By way of example, if the electric power
charged in the electric double layer capacitor 51 is used,
the electric power so charged can be utilized for 10 sec-
onds or longer as an electric power source for the mag-
netic sensor 23 and the transmitting device 5A. Accord-
ingly, the supply of the electric power can be effected
even when the number of revolution attains a value
equal to or lower than 20 rpm (corresponding to the ve-
hicle speed of 2 to 3 km per hour) and the rotation signal
outputted from the magnetic sensor and indicative of the
rotational speed can be detected by the control circuit
36 (Fig. 1) as a sensor output before the rotational speed
of the vehicle wheel attains zero rpm (corresponding to
the vehicle speed of 0 km per hour). Thus, detection is
possible so long as revolution of the magnetic pole to
pole gaps of the rotor 18 comprised of the multi-pole
magnet is available.
[0066] While the anti-skid braking system is known as
a system for securing the steering stability during decel-
eration, if the electric power is accumulated during a
high speed drive so that reduction of the electric power
can be compensated for during the deceleration, the an-
ti-skid braking system embodying the present invention
can be stably operated even when the automobile runs
at an extremely low speed, for example, at a barely zero

speed, as compared with the electric power being relied
solely on the electric power generator 4.
[0067] Also, where the electric power supply circuit 24
is provided with the wireless switching device, that is,
the wireless switching circuit 55 shown in Fig. 11, in the
event that the automobile is continuously held, for ex-
ample, in the status in which an automobile parking
brake is held in a locked position, the continuously halt-
ed status detector 65 can detects such status of the au-
tomobile and, in response to the output from the contin-
uously halted status detector 65, the switch-off signal
transmitting device 67 interrupts transmission of the ra-
dio wave for switching to the wireless switching circuit
55 to thereby switch the semiconductor switching ele-
ment 56 off. Once this occurs, the supply of the accu-
mulated electric power from the accumulating device (e.
g., the electric double layer capacitor 51) to the magnetic
sensor 23 and the transmitting device 5A can be inter-
rupted to thereby suppress a possible waste of the elec-
tric power accumulated in the accumulating circuit. In
the event that the parking brake is released from the
locked position, the transmission of the radio wave for
switching from the switch-off signal transmitting device
67 is resumed to switch the semiconductor switching el-
ement 56 on so that supply of the electric power to the
magnetic sensor 23 and the transmitting device 5A can
resume to enable detection of the rotational speed of
the vehicle wheel.
[0068] It is to be noted that in the electric power supply
circuit 24 shown in Fig. 11, a boosting circuit 69 includ-
ing, for example, a diode and a capacitor as shown in
Fig. 12 may be provided at the place of the rectifier cir-
cuit 60 so as to ensure that the semiconductor switching
element 56 can be assuredly turned off by the electric
power source represented by the power of the detection
signal of the radio wave obtained from the tuning circuit
58. Even in the electric power supply circuit 24 of a struc-
ture shown in any one of Figs. 13 and 14, a similar boost-
ing circuit 69 as discussed above may be employed for
the same purpose.
[0069] Again in the electric power supply circuit 24 of
the circuit design shown in Fig. 11, an surface acoustic
wave filter 81 may be interposed between the tuning cir-
cuit 58 and the rectifier circuit 60 as shown in Fig. 15 to
improve the selectivity of the particular frequency from
the switch-off signal transmitting device 67 to avoid any
possible erroneous operation which would otherwise be
caused by an external radio wave. Even with the electric
power supply circuit 24 of the circuit design shown in
any one of Figs. 13 and 14, a similar surface acoustic
wave filter 81 as discussed above may be employed.
[0070] It is to be noted that in the example shown in
Fig. 5, reference has been made to the use of only one
magnetic sensor 23, but two magnetic sensors may be
equally employed as shown in Figs. 6A and 6B. Fig. 6A
illustrates a portion of the wheel support bearing assem-
bly where the two magnetic sensors 23A and 23B are
disposed, as viewed from the axial direction of the elec-
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tric power generator, whereas Fig. 6B illustrates the
same portion of the wheel support bearing assembly, as
viewed in a direction radially outwardly of the stator of
the electric power generator. As shown therein, the two
magnetic sensors 23A and 23B are so disposed as to
align with respective positions displaced 90° in phase
of the cycle of alternating repetition of the opposite mag-
netic poles of the rotor 18. In other words, the two mag-
netic sensors 23A and 23B are so disposed at respec-
tive positions spaced about 90° in terms of the electric
phase angle of the detection signal. In order for those
magnetic sensors 23A and 23B to be so disposed on
the stator 17, two of the pawls 21a integral with the ring
member 19 of the stator 17 and corresponding two of
the pawls 21b integral with the ring member 19 of the
stator 17 are depleted to provide respective sensor win-
dows.
[0071] The provision of the magnetic sensors 23A and
23B having such a phase difference as discussed above
enables detection of the direction of rotation of the ve-
hicle wheel from the detection signals generated by
those magnetic sensors 23A and 23B.
[0072] Hereinafter, a second preferred embodiment
of the present invention will be described with particular
reference to Figs. 16A to 18. Fig. 16A illustrates, in a
longitudinal sectional representation, a disposition of
the electric power generator 4, whereas Fig. 16B illus-
trates, in a similarly longitudinal sectional representa-
tion, a disposition of the magnetic sensor 23 in the elec-
tric power generator 4 shown in Fig. 16A. This embod-
iment is substantially similar to the first embodiment
shown in and described with reference to Figs. 1 to 15,
except that in the embodiment shown in Figs. 16A to 18,
the generally tubular ring member 19 forming the yoke
of the generator stator 17 includes first and second ring
forming segments 19C and 19D of a generally inverted
U-shaped section combined together as best shown in
Fig. 16A, and a third ring forming segment 19E bridging
axially between respective radial walls of the first and
second ring forming segments 19C and 19D. The ring
forming segment 19C has its radially inner edge formed
integrally with pawls 21a and 21b and, on the other
hand, the coil 20 is mounted around the third ring form-
ing segment 19E. With this ring member 19 of the struc-
ture described above, magnetic fluxes emanating from
the generator rotor 18 can extend from the rotor 19, spe-
cifically the pawls 21a and 21b through the first ring
forming segment 19C, then through the third ring form-
ing segment 19E, then through the second ring forming
segment 19D and finally back to the rotor 18, accord-
ingly, such magnetic fluxes can interlink with the coil 20
wound around the third ring forming segment 19E then
serving as a bridge.
[0073] Thus, where the ring member 19 is so con-
structed as hereinabove described, the ring member 19
is unable to be directly mounted into the ring-shaped
support member 25. However, the first and second ring
forming segments 19C and 19D are formed with respec-

tive engagement holes (not shown) for engagement with
engagement pins (also not shown) formed at respective
ends of the third ring forming segment 18E and, accord-
ingly, the generator stator 17 can be completed by pre-
assembling the ring member 19 with the engagement
pins in the third ring forming segment 19E engaged in
the corresponding engagement holes in the first and
second ring forming segments 19C and 19D and sub-
sequently filling a molding 62 of an elastic material
around the preassembly.
[0074] In the generator stator 17 so assembled in the
manner described above, the stator 17 has a portion 63
in its circumferential direction where the coil 20 is ab-
sented as best shown in Fig. 16B. After the formation of
the molding 62, the magnetic sensor 23 is disposed in
the absented portion 63 and is thereafter covered by a
molding 64 of an elastic material filling up around the
magnetic sensor 23 to thereby allow the magnetic sen-
sor 23 to be embedded in the stator 17. Fig. 17 illustrates
the position of the magnetic sensor 23 in the stator 17
as viewed from the direction conforming to the axial di-
rection of the electric power generator 4. Other structur-
al features of the electric power generator shown in Figs.
16A and 16B than those described above are similar to
those shown and described in connection with the pre-
viously described first embodiment.
[0075] Fig. 18 illustrates a modified form of the second
embodiment of Figs. 16A to 17, in which two magnetic
sensors 23A and 23B are employed, as viewed from the
direction conforming to the axial direction of the electric
power generator. The first and second magnetic sen-
sors 23A and 23B are so disposed as to align with re-
spective positions displaced 90° in phase of the cycle
of alternating repetition of the opposite magnetic poles
of the generator rotor 18. Accordingly, the provision of
the first and second magnetic sensors 23A and 23B en-
ables detection of the direction of rotation of the vehicle
wheel from the detection signals generated by those
magnetic sensors 23A and 23B by the reason discussed
previously in connection with the first embodiment with
reference to Figs. 6A and 6B.
[0076] A third preferred embodiment of the present in-
vention is shown in Fig. 19. This third embodiment is
substantially similar to the first embodiment shown in
and described with reference to Figs. 1 to 15, except
that the wheel support bearing assembly 33 shown in
Fig. 19 is of an inner race rotating type of a fourth gen-
eration in which the inner member 2 includes a hub
wheel 2A and an inner race forming member 2B com-
prised of the axle 16 of the constant velocity joint 15. In
this inner race rotating type, one of the inner raceways
9 on the inner member 2 is formed on an outer peripheral
surface of a large diameter portion 16a of the axis 16 of
the constant velocity joint 15. The axle 16 also has a
reduced diameter portion 16b fitted into the hub wheel
2A. In this embodiment shown in Fig. 19, the electric
power generator 4 is disposed between the circular rows
of the rolling elements 3 and 3 rollingly accommodated

23 24



EP 1 342 633 A2

14

5

10

15

20

25

30

35

40

45

50

55

within the annular space delimited between the inner
and outer members 2 and 1. Other structural features
of the third embodiment than those described above are
similar to those shown and described in connection with
the first embodiment.
[0077] Figs. 20A and 20B illustrate a fourth preferred
embodiment of the present invention. This fourth em-
bodiment is substantially similar to the first embodiment
shown in and described with reference to Figs. 1 to 15,
except that the magnetic sensor 23 built in the generator
stator 17 is of an axial design with its sensing surface
23a oriented axially so as to confront an annular end
face 18b of the rotor 18 mounted on the inner member
2. The electric power generator 4 itself is of a radial de-
sign in which the generator stator 17 is oriented so as
to confront the rotor 18 on the inner member 2 radially.
Other structural features of the fourth embodiment than
those described above are similar to those shown and
described in connection with the first embodiment.
[0078] Figs. 21A to 25B illustrate a fifth preferred em-
bodiment of the present invention. Specifically, Fig. 21A
illustrates a fragmentary longitudinal sectional view of a
portion of the electric power generator where a magnetic
sensor is disposed, whereas Fig. 21B illustrates another
portion of the electric power generator where the mag-
netic sensor is not disposed. This fifth embodiment is
substantially similar to the first embodiment shown and
described in connection with the first embodiment, ex-
cept that the electric power generator 4 is designed to
be an axial type and, at the same time, the magnetic
sensor 23 is also designed to be an axial type. In other
words, the generator rotor 19 mounted on the inner
member 2 is so disposed as to permit the magnetized
surface 18 having the alternating magnetic poles N and
S arranged in the circumferential direction thereof to be
oriented axially. This generator rotor 18 as viewed from
the axial direction is shown in Fig. 23. Also, the ring
member 19 of the generator stator 17 is comprised of
first, second and third ring forming segments 19F, 19G
and 19H. This ring member 19 employed in the fifth em-
bodiment is shown in Fig. 22 as viewed from the axial
direction. One end portion of this ring member 19 con-
fronting the rotor 18 has a plurality of radially outwardly
extending pawls 21a and 21b that are juxtaposed in the
circumferential direction of the ring member 19. Those
pawls 21a and 21b are circumferentially juxtaposed at
intervals of a pitch equal to that between the neighboring
opposite magnetic poles N and S in the rotor 18. As is
the case with any one of the foregoing embodiments,
some of the pawls 21a and 21b are depleted to define
the sensor window in which the magnetic sensor 23 is
accommodated so as to confront the magnetized sur-
face 18a of the rotor 18 therethrough. Fig. 24A illustrates
the portion where the magnetic sensor 23 is disposed
in the stator 17 as viewed from the direction conforming
to the axial direction of the electric power generator,
whereas Fig. 24B illustrates a portion of the rotor 18 held
in face-to-face relation with the magnetic sensor shown

in Fig. 24A, as viewed from the direction conforming to
the axial direction of the electric power generator. Other
structural features of the fifth embodiment than those
described above are similar to those shown and de-
scribed in connection with the first embodiment.
[0079] Figs. 25A and 25B illustrate the example in
which the two magnetic sensors 23A and 23B are dis-
posed in the stator 17, as viewed from the direction con-
forming to the axial direction of the electric power gen-
erator. In this example, the first and second magnetic
sensors 23A and 23B are so disposed as to align with
respective positions displaced 90° in phase of the cycle
of alternating repetition of the opposite magnetic poles
of the rotor 18. Accordingly, even with this example, the
provision of the two magnetic sensors 23A and 23B pro-
vides the detection signals from which the direction of
rotation of the vehicle wheel can be detected.
[0080] Although the present invention has been fully
described in connection with the preferred embodi-
ments thereof with reference to the accompanying
drawings which are used only for the purpose of illus-
tration, those skilled in the art will readily conceive nu-
merous changes and modifications within the frame-
work of obviousness upon the reading of the specifica-
tion herein presented of the present invention. Accord-
ingly, such changes and modifications are, unless they
depart from the scope of the present invention as deliv-
ered from the claims annexed hereto, to be construed
as included therein.

Claims

1. A rotation detecting device which comprises:

an electric power generator including a stator
and a rotor, said rotor having a plurality of op-
posite magnetic poles alternating in a direction
circumferentially of the rotor;
at least a first magnetic sensor mounted on ei-
ther the stator or a support member for support-
ing the stator and operable to detect the alter-
nating magnetic poles in the rotor; and
an electric power supply circuit for utilizing an
electric power generated by the electric power
generator as an electric power source for the
at least first magnetic sensor.

2. The rotation detecting device as claimed in Claim
1, further comprising a second magnetic sensor and
wherein the first and second magnetic sensors are
disposed so as to align with respective positions
displaced 90° in phase of the cycle of alternating
repetition of the opposite magnetic poles in the ro-
tor.

3. The rotation detecting device as claimed in Claim
1, wherein the stator includes a ring member made
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of a magnetic material and a coil accommodated in
the ring member, said ring member having two sets
of a plurality of claws provided at a portion of the
ring member that confronts the rotor, the claws of
the two sets extending in respective directions op-
posite to each other so as to interleaved relative to
each other while alternating one after another in a
direction circumferentially of the ring member, the
neighboring claws being spaced in the circumferen-
tial direction with a gap defined therebetween.

4. The rotation detecting device as claimed in Claim
3, wherein the ring member has a sensor window
defined in a portion the circumference of the ring
member for accommodating the first magnetic sen-
sor, said sensor window being defined by depleting
some of the claws in the ring member.

5. The rotation detecting device as claimed in Claim
1, further comprising a transmitting device for wire-
less transmitting a sensor output signal from the
magnetic sensor and wherein the electric power
supply circuit utilizes the electric power generated
by the electric power generator also as an electric
power source for the transmitting device.

6. The rotation detecting device as claimed in Claim
1, wherein the electric power supply circuit includes
an electric component part selected from the group
consisting of an electric double layer capacitor, a
secondary cell and a primary cell.

7. The rotation detecting device as claimed in Claim
1, wherein a wireless switching device selectively
switches on or off a supply of an electric power from
the electric power supply circuit, said wireless
switching device including a tuning circuit for detect-
ing a radio wave of a particular frequency and a
semiconductor switching element interposed in the
electric power supply circuit and capable of being
selectively turned on or off in response to a detec-
tion signal of the radio wave detected by the tuning
circuit, said wireless switching device in its entirety
being powered by an electric power of the detection
signal of the radio wave detected by the tuning cir-
cuit.

8. A bearing assembly equipped with a rotation detect-
ing device, said bearing assembly comprising:

a non-rotatable member, a rotatable member
and a plurality of rolling elements interposed
between the non-rotatable member and the ro-
tatable member to permit the latter to rotate rel-
ative to the former; and
a rotation detecting device of a structure as de-
fined in Claim 1, wherein the stator is mounted
fixedly on the non-rotatable member and the ro-

tor is mounted on the rotatable member for ro-
tation together therewith.

9. A wheel support bearing assembly for rotatably
supporting a wheel relative to a vehicle body struc-
ture, said wheel support bearing assembly compris-
ing:

an outer member having a plurality of outer
raceways defined in an inner periphery thereof;
an inner member having a corresponding
number of inner raceways defined in an outer
periphery thereof in alignment with the outer
raceways;
a plurality of rolling elements interposed be-
tween the outer and inner members and rolling-
ly accommodated in part within one of the outer
raceways and in part within a mating one of the
inner raceways to permit one of the outer and
inner members to rotate relative to the other of
the outer and inner members; and
a rotation detecting device of a structure as de-
fined in Claims 1, wherein the stator is mounted
fixedly on one of the outer and inner members
and the rotor is mounted on the other of the out-
er and inner members.

10. An anti-skid braking system for controlling a braking
force to be applied to a wheel brake in dependence
on a detection signal detected as indicative of the
number of revolution of a wheel, said anti-skid brak-
ing system comprising:

a rotation detecting device being of a structure
as defined in Claim 1, said rotation detecting
device being operable to output the detection
signal and including a rotor fixedly mounted on
a rotatable member rotatable together with the
wheel, and a stator mounted fixedly on a wheel
support member for supporting the rotatable
member; and
a control circuit mounted on the vehicle body
structure for controlling the braking force; and
a communicating unit for wireless transmitting
the detection signal outputted from the rotation
detecting device, said unit including a transmit-
ting device and a receiving device, which are
mounted on the wheel support member and a
vehicle body structure, respectively.

11. The anti-skid braking system as claimed in Claim
10, wherein the electric power supply circuit utilizes
the electric power generated by the electric power
generator, as an electric power source for the trans-
mitting device.

12. A rotation detecting device which comprises:
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a rotation detector having a capability of detect-
ing the rotational speed and including an elec-
tric power generator having a rotor and a stator;
a transmitting device for wireless transmitting a
rotation signal indicative of the rotational speed
detected by the rotation detector;
an electric power supply circuit for utilizing an
electric power generated by the electric power
generator for electrically powering the transmit-
ting device;
a wireless switching device for selectively
switching on or off supply of an electric power
from the electric power supply circuit, said wire-
less switching device including a tuning circuit
for detecting a radio wave of a particular fre-
quency and a semiconductor switching ele-
ment interposed in the electric power supply cir-
cuit and capable of being selectively turned on
or off in response to a detection signal of the
radio wave detected by the tuning circuit, said
wireless switching device in its entirety being
electrically powered by an electric power of the
detection signal of the radio wave detected by
the tuning circuit.

13. The rotation detecting device as claimed in Claim
12, further comprising a rectifier circuit for rectifying
an output from the tuning circuit and a surface
acoustic wave filter interposed between the tuning
circuit and the rectifier circuit.

14. The rotation detecting device as claimed in Claim
12, wherein the electric power supply circuit in-
cludes an electric component part selected from the
group consisting an electric double layer capacitor,
a secondary cell and a primary cell for compensat-
ing a reduction of the electric power generated by
the electric power generator at a low speed rotation
of the rotor.

15. The rotation detecting device as claimed in Claim
12, wherein the rotation detector includes a sensor
utilizing the electric power generator as an electric
power source therefor, the rotational speed being
detected by the sensor.

16. The rotation detecting device as claimed in Claim
12, wherein the rotor and the stator of the electric
power generator are mounted on a rotatable mem-
ber and a non-rotatable member of a wheel support
bearing assembly and wherein the signal transmit-
ted by the wireless transmitting device and indica-
tive of the rotational speed is used for controlling an
automobile anti-skid braking system.

17. A wireless switching device which comprises:

a tuning circuit for detecting a radio wave of a

particular frequency; and
a semiconductor switching element interposed
in the electric power supply circuit and capable
of being selectively turned on or off in response
to a detection signal of the radio wave detected
by the tuning circuit:

said wireless switching device in its entirety
being electrically powered by an electric
power of the detection signal of the radio
wave detected by the tuning circuit.

18. A wheel support bearing assembly for rotatably
supporting a wheel relative to a vehicle body struc-
ture, said wheel support bearing assembly compris-
ing:

an outer member having a plurality of outer
raceways defined in an inner periphery thereof;
an inner member having a corresponding
number of inner raceways defined in an outer
periphery thereof in alignment with the outer
raceways;
a plurality of rolling elements interposed be-
tween the outer and inner members and rolling-
ly accommodated in part within one of the outer
raceways and in part within a mating one of the
inner raceways to permit one of the outer and
inner members to rotate relative to the other of
the outer and inner members; and
a rotation detecting device of a structure as de-
fined in Claims 12, wherein the stator is mount-
ed fixedly on one of the outer and inner mem-
bers and the rotor is mounted on the other of
the outer and inner members.

19. An anti-skid braking system for controlling a braking
force to be applied to a wheel brake in dependence
on a detection signal detected as indicative of the
number of revolution of a wheel, said anti-skid brak-
ing system comprising:

a rotation detecting device including a rotor fix-
edly mounted on a rotatable member rotatable
together with the wheel, and a stator mounted
fixedly on a wheel support member for support-
ing the rotatable member; and
a control circuit mounted on the vehicle body
structure for controlling the braking force:

said rotation detecting device being of a
structure as defined in Claim 12 and includ-
ing the transmitting device and a receiving
device to receive the rotation signal from
the transmitting device, which are mounted
on the wheel support member and a vehi-
cle body structure, respectively.
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20. The anti-skid braking system as claimed in Claim
19, further comprising a continuously halted status
detector mounted on a mechanism that differs de-
pending on whether an automobile is in a continu-
ously halted status or in a running status, and a
switch-off signal transmitting device operable in re-
sponse to a detection output signal from the contin-
uously halted status detector for transmitting a wire-
less signal capable of being detected by the tuning
circuit of the wireless switching device.

21. The anti-skid braking system as claimed in Claim
20, wherein the continuously halted status detector
is capable of detecting at least one of continuously
halted statuses of the automobile including a con-
dition in which a parking brake is held in a locked
position, a condition in which an engine is inactivat-
ed, a condition in which an ignition key is removed
from an ignition switch, a condition in which a trans-
mission is set to a parking position.

31 32



EP 1 342 633 A2

18



EP 1 342 633 A2

19



EP 1 342 633 A2

20



EP 1 342 633 A2

21



EP 1 342 633 A2

22



EP 1 342 633 A2

23



EP 1 342 633 A2

24



EP 1 342 633 A2

25



EP 1 342 633 A2

26



EP 1 342 633 A2

27



EP 1 342 633 A2

28



EP 1 342 633 A2

29



EP 1 342 633 A2

30



EP 1 342 633 A2

31



EP 1 342 633 A2

32



EP 1 342 633 A2

33


	bibliography
	description
	claims
	drawings

